Background-Chronic diseases are increasingly becoming a health burden in terms of both morbidity and mortality in low and middle-income countries (LMICs). The role of body mass index (BMI) especially overweight and obesity in the prevalence of multimorbidity, the occurrence of two or more chronic conditions, is understudied in LMICs where two thirds of the world's obese individuals reside. We estimated the association between BMI and prevalence of chronic non communicable disease multimorbidity in six LMICs.
Introduction
Chronic or non-communicable diseases (NCD) are increasingly becoming a major health burden both in terms of morbidity and mortality especially in low and middle-income countries (LMICs). Multimorbidity, which is the state of simultaneous occurrence of two or more chronic conditions within an individual without any single predominant condition, is an emerging issue in public health agenda in LMICs due to its increasing prevalence, impact on individual health status, and the financial impact on the health care system.1-15 People with multimorbidity are considered to be at increased risk of receiving low individual and medical care,7-9 more frequent and longer hospitalizations,8 higher health care costs including out of pocket expenditure,7,9,10,16 and increased use of polypharmacy,6 with the potential for adverse drug effects.8,9 Global estimates of the prevalence of multimorbidity vary from 17% to over 90%, 2, 11, 17, 18 with the highest prevalence in developed countries where about 1 in 4 adults experience multimorbidity, with half of older adults having 3 or more chronic conditions.2,11 It is expected that multimorbidity will soon become a norm rather than the exception in both developed as well as developing nations.12 However, most public health systems as well as medical treatment strategies, even in developed nations are still designed and implemented as if diseases occur in isolation.13 prevailing in ageing and obese patients,9,21,22 and even in the general population.20 A cohort study conducted in UK found that 32% of multimorbidity was attributable to overweight and obesity among patients registered in a primary care.23 Excess bodyweight was also associated with increased frequency of many other long-term conditions, including type 2 diabetes, cardiovascular diseases and musculoskeletal problems.24-27 The association of overweight and obesity with multimorbidity thus qualifies for evaluation in LMICs where two thirds of the world's obese individuals reside and an epidemiological transition is already underway. An understanding of this association may offer insight into the contribution of overweight/obesity to the burden of multimorbidity in the general population and the potential for prevention of multimorbidity in LMICs. The aim of this study is to evaluate the prevalence of NCD multimorbidity by overweight/obesity status based on a list of nine chronic conditions and investigate the association between body mass index and prevalence of multimorbidity in the six LMICs. We hypothesized that prevalence and risk factors for multimorbidity is more common in the overweight/obese than nonoverweight/obese population in the LMICs.
Methods

Participants and Data
We used data from the WHO Study on Global AGEing and Adult Health (SAGE) wave 1 (2007) (2008) (2009) (2010) . SAGE is a longitudinal ageing and health study with nationally representative samples of adults (>18 years) in six LMICs -China, India, Ghana, Mexico, Russian Federation and South Africa.28 The countries were chosen to represent different geographic regions of the world, levels of economic development and stages in the demographic and health transition and include the two most populous countries of the world.29 SAGE is also designed to provide results that are comparable to ageing studies in high-income countries, such as the US Health and Retirement Study (http://hrsonline.isr.umich.edu/), the English Longitudinal Study on Ageing (www.ifs.org.uk/elsa/) and the Collaborative Research on Ageing in Europe (COURAGE in Europe) Project (www.courageproject.eu/) in three countries.28
The SAGE study sampling plans used multistage clustered design samples drawn from an updated frame,28 in all countries, except for Mexico. Households were classified into one of two mutually exclusive categories: (1) all persons aged 50 years and older were selected from households classified as '50+households'; and (2) one person aged 18-49 years was selected from a household classified as an '18-49 household'. The arrangement in Mexico was similar, but included supplementary and replacement samples to account for losses to follow up in selected sampling units since Wave 0.28 The sample in India is also representative at the sub-national and sub-state levels for the selected states. Each household and individual is assigned a known non-zero probability of being selected.28 Household and individual weights were post-stratified to weight up to population distributions by age and sex in each country. Detailed description of study and sample design is documented elsewhere.28,30 broad range of topics, including health and its determinants, disability, subjective, emotional and financial wellbeing, health care utilisation and health systems responsiveness.28 One household questionnaire was completed for each selected household in face-to-face interviews and individual questionnaires were collected from one randomly selected individual aged 18-49 years and all individuals aged over 50 years, including by proxy where an individual was unable to complete the questionnaire.28 Individual response rates are as follows: 53% Mexico, 68% India, 75% South Africa, 81% in Ghana, 83% Russia and 93% in China.28 A physical examination was used to collect height, weight, waist circumference and blood pressure. The SAGE dataset is described in full elsewhere and the questionnaires are available in public domain at http://www.who.int/healthinfo/sage/ cohorts/en/index2.html.
Outcome measures
Chronic conditions and multimorbidity-We defined multimorbidity as concurrent occurrence of two or more chronic health conditions in the same individual. For the purpose of the study the following nine chronic conditions were analysed:
Angina pectoris, arthritis, asthma, low visual acuity, chronic lung disease (includes emphysema, bronchitis, chronic obstructive pulmonary disease), diabetes (excluding diabetes associated with a pregnancy), stroke, hypertension and depression. Of these nine conditions, diabetes mellitus and stroke were assessed through a question about ever being diagnosed with the disease by a health professional. The specific question was, "Have you ever been told by a health professional/doctor that you have (disease name)?" The prevalence of angina pectoris, arthritis, asthma, and chronic lung disease was derived from a set of symptom based questions, combined with a validated diagnostic algorithm as described in Arokiasamy et al.31 Additionally, we have used of treatment/medication received in the 12 months prior to interview which was indicative of a diagnosis and was included in prevalence estimates for the above described chronic conditions. We used a symptom based reporting and diagnostic algorithm for the prevalence of angina pectoris, arthritis, and asthma. The assessment of hypertension and visual acuity was based on direct physical examination undertaken at the time of interview.31 The prevalence of hypertension was based blood pressure (systolic and diastolic) measured three times on the right arm/wrist of the seated respondent using an automated recording device (OMRON R6 Wrist Blood Pressure Monitor, HEM-6000-E, Omron Healthcare Europe, B.V., Hoofddorp, The Netherlands).32 An average of the second and third of three total readings was used as the outcome in this study. In accordance with WHO/ISH guidelines for the management of hypertension,33 the limit for high systolic blood pressure was 140 mm/hg or above, and for diastolic blood pressure 90 mm/hg or above.34 An individual was considered to be hypertensive if average systolic or diastolic blood pressure readings exceeded either of these thresholds or they reported current treatment for hypertension.31 Visual impairment is associated with functional limitations and lowered well-being, and also affects health related quality of life through its effect on self-care and treatment-seeking behaviour. 35 We measured visual acuity in this study for both near and distance vision in each eye using a tumbling "E" logMAR chart.36 Measured near and distance visual acuity was classified into normal vision (0.32-1.6 decimal) and low vision (0.01-0.25 decimal).37 We categorised respondent had low vision if they had either low near or distance vision in both eyes.31
We used a self-reported symptom-based depression in the past 12 months for inclusion in the multimorbidity criteria. The symptomatic depression items were assessed based on the World Mental Health Survey version of the Composite International Diagnostic Interview. 38 The diagnosis of depression was based on the International Classification of Diseases, 10th revision (ICD-10), diagnostic criteria for research (DCR) for depressive episodes,39 which were derived from an algorithm that took into account respondents reporting symptoms of depression during the past 12 months.40 Participants endorsed at least 4 of 10 depressive symptoms lasting 2 weeks most of the day or all of the day. According to the ICD-10-DCR criterion B, at least two of the following three symptoms needed to be present in order to be diagnosed as depressive: depressed mood, loss of interest, and fatigability.40 Additionally, the respondents who responded positively to the question, 'Have you been taking any medications or other treatment such as attending therapy or counselling sessions for depression during the last 12 months?' was also added to the symptom-based depression.31
Body Mass Index-Apart from the self-reported height and weight data, trained SAGE surveyors had obtained participant height (cm) and weight (kg) measurements using standard procedures. Specifically, respondents were asked to wear a single layer of clothing and remove their shoes; participant height was then measured to the nearest 0.1 cm using a stadiometer and weight was recorded to the nearest 0.1 kg using a weighing scale. These were then used to calculate individual body mass index (BMI; kg/m 2 ) where both values were non-missing. BMI values were classified into categories for each individual based on established WHO cut-offs for BMI, which included four categories: underweight (<18.5 kg/m 2 ), normal (18.5-24.9 kg/m 2 ), overweight (25.0-29.9 kg/m 2 ), and obese (≥30 kg/m 2 ). 41 For data presented by obesity status, obesity itself was not included as a chronic condition in the definition of multimorbidity.20
Indicators of socioeconomic status and control variables/confounders-Socioeconomic and demographic factors included in our analysis were age groups (18-29, 30-39, 40-49, 50-59, 60-69, 70+ years); sex; marital status (married, not married, others (includes separated, divorced and widowed)), education (no education, primary school or less, secondary school, tertiary or higher education); place of residence (rural, urban); quintiles of household wealth/assets, (Q1 lowest to Q5 highest), occupation (public sector, private sector, self-employment, informal sector), tobacco smoking (never, occasionally, daily), ever alcohol intake (no, yes), fruits and vegetables intake (no or insufficient (<5 servings/day), sufficient (>5 servings/day) and health insurance status (without health insurance, with health insurance).
Household wealth status was already provided in dataset,42 derived using WHO standard approach to estimating permanent income from survey data on household ownership of durable goods, neighbourhood and dwelling characteristics, and access to water, sanitation, electricity etc.43 Fruit and vegetable consumption was assessed with the questions 'How many servings of fruit do you eat on a typical day?' and 'How many servings of vegetables do you eat on a typical day?' Researchers were trained to show all respondents a nutrition Agrawal Statistical analyses-We calculated the pooled estimate using data from all countries, but also ran separate analyses for each country. The prevalence of multimorbidity was estimated in relation to BMI status, age, sex, place of residence, marital status, education level, occupation, household wealth, tobacco smoking, alcohol intake, fruits or vegetable intake and health insurance status, and other factors as discussed above. Categorical variables are presented as absolute and relative frequencies. Associations between categorical variables were tested by the calculation of the chi-square test. Multivariable logistic regression models were then fitted to test for associations between overweight/ obesity and NCD multimorbidity after adjusting for the confounders discussed above. Odds ratios (OR) and 95% confidence intervals (CI) were calculated for each risk-factor using logistic regression adjusted for survey design. For a simple explanation of odds ratios, see Grimes and Schultz.48 BMI category was the principal predictor while the outcome was presence/absence of multimorbidity (a dichotomous variable based on the number of conditions). For the purpose of the study, we excluded those with missing values for outcome and independent variables (9.2% of the sample). We tested for possible multicollinearity for covariates adjusted for in our analysis through correlation matrix and found the multicollinearity were all less than 0.5, indicating that the assumption of reasonable independence among predictor variables and the outcome variable was met. 49 The absence of multicollinearity and plausible interactions among variables were tested to ensure the robustness of the regression model. 49 In all data analysis, sampling weights were used to account for the complex, multistage design of the SAGE survey.28 We performed the statistical analyses using STATA 10.1 (StataCorp, College Station, Texas). It is important to mention here that, the pooled data have a hierarchical structure with individuals nested within regions which are in turn nested within countries.50 The pooled analysis combines time series for several cross-sections.31 However, particular care should be taken when interpreting the pooled data since estimates from a model that includes a full set of interactions between individual characteristics and the country dummies are not equivalent to the estimates derived from distinct country regressions,16,31,50 because the residual error variance is constrained to be the same across countries in the former case but not in the latter.51-52
The WHO-SAGE study wave 1 study has a total of 36,354 individual respondents aged 50 years and above and 7,961 individuals aged 18-49 years in a total of six nations. The individual level response rates for each country were as follows: China (93%), Ghana (81%), India (68%), Mexico (53%), Russia (83%) and South Africa (75%). This high response rate in the SAGE countries were achieved mostly for two reasons: the majority of the respondents were participants in the World Health Survey 2002-2004 and followed up and the local institutions applied concerted efforts in collaboration with local partners to improve survey response which included conducting a minimum of three revisits to households. We did a secondary analysis of nationally representative cross-sectional data of 44 Table 1 shows the characteristics of the study sample of each country. The distribution of BMI status in the pooled sample was as follows: 13% obese, 24% overweight, 49% normal and 13% underweight. The distribution of obese individual was highest in South Africa (43%), followed by 33% each in Mexico and Russia, while it was lowest in India (3%), China (6%) and Ghana (10%). Two-fifth of the sample population in Mexico and Russia were overweight, followed by 28% in South Africa and 27% in China, 19% in Ghana and 11% in India. Women respondents constitutes 56% of the total sample in the overall six LMICs, the proportion ranging from almost half in Ghana and China to more than 60% in India, Mexico and Russia. The respondents were drawn largely from rural areas in India (74%), Ghana (59%) and China (51%) while rural respondents consisted of a smaller proportion of the sample in Mexico (26%), Russia (25%) and South Africa (33%). A majority of the sample population were married at the time of survey in China (83%), India (78%), 60% in Ghana, 59% in Mexico and 57% in Russia. Half of the sample respondents were not educated in Ghana, more than two-fifths in India, one fourth each in China and South Africa while it is only 1% in case of Russia. A majority were a public sector employee in Russia (86%) whereas 80% were self employed in Ghana. Highest daily current tobacco users are in India (86%), followed by 75% in China, 64% in South Africa, 56% in Russia, 38% in Ghana and 32% in Mexico. Ever alcohol use was highest in Russia (75%), while it was lowest in India (13%). Except china (89%), the percentage distribution of respondents reporting sufficient intake (>5servings/day) of fruits and vegetable was low (ranges from 13% in India to 33% in Ghana). The distribution of nine self reported chronic conditions were similar in the six countries with a higher number of participants reporting high BP, diabetes and arthritis than other conditions except in Mexico, where other conditions were more common than diabetes. In four of the countries low visual acuity was more commonly reported than diabetes. In the pooled frequencies, the top three most common prevalent chronic conditions were hypertension (34%), arthritis (19%) and low visual acuity (14%) followed by chronic lung disease (10%), angina (8%) and depression (7%). Table 2 shows the mean number of chronic conditions and prevalence of multimorbidity by body mass index and other characteristics. The mean number of chronic conditions ranged from 3.0 in Russia to 2.4 in Ghana and it was 2.6 in the pooled sample. The prevalence of multimorbidity was 23% in the pooled sample of six countries-the highest being in Mexico (56%), followed by Russia (46%) South Africa (32%), India (24%), Ghana (23%) and China (21%). The prevalence of non communicable disease multimorbidity was 23% in the pooled sample of six countries-the highest being in Russia (50%), followed by Mexico (27%), India (24%), Ghana (23%), South Africa (32%) and China (22%). The prevalence of multimorbidity was 37% among obese population and 27% among overweight population in the pooled sample-highest prevalence was in Russia (59% among obese; 45% among overweight) and lowest in Ghana (28% among obese; 23% among overweight). while non-significant but positive association were also observed in case of China, Russia, and Ghana.
Results
Participant characteristics
Prevalence of multimorbidity by BMI categories and other characteristics
Association between BMI status and multimorbidity
Discussion
Main findings-In this study we evaluated the association of overweight and obesity with the prevalence of non communicable disease multimorbidity (nine chronic conditions encompassing angina pectoris, arthritis, asthma, chronic lung disease, diabetes mellitus, hypertension, stroke, low visual acuity and depression) by using nationally representative data from the WHO SAGE in six low and middle-income countries. Multimorbidity was found to be strongly associated with obesity which is consistent with our hypothesis as well as findings from previous studies from developed countries data.19,23,53 The significant positive association between overweight/obesity and NCD multimorbidity in the LMICs was robust after controlling for age, sex, rural/urban residence, education, occupation, marital status, household wealth, tobacco smoking, current alcohol intake, fruits and vegetable intake and health insurance status. The prevalence of multimorbidity in the adult population was quite high (28%) in the pooled sample of six countries and varied markedly, from 21% in China to 56% in Mexico. The mean number of chronic conditions was 1.7 in the pooled sample of six countries and ranged from 1.4 in China to 2.3 in Mexico. Prevalence of multimorbidity was twice among obese than in overall population (44% vs 23%) in the pooled sample of six countries. The prevalence of multimorbidity in obese population was two times higher than among normal weight population and nearly one and half times higher among overweight population. Women had consistently higher rates of multimorbidity than men in all the six SAGE countries we studied.
It is important to note that the inclusion of obesity in multimorbidity indices has been debated in the western literature.54-55 Nevertheless, given that fact the prevalence of obesity is increasing and that it is associated with increased risk of adverse health states, including all-cause mortality,56 there is a need for its inclusion in multimorbidity indices. In a world where obesity is rapidly on the rise, it's inclusion also makes more sense in terms of health system planning and when view in the prism of different metabolic of many pharmacological products in the obese. Our study showed that obesity prevalence positively associated with multimorbidity, with obesity being more common in individual with higher number of chronic conditions in all the six countries we considered.
Policy Implications of findings-This is a study of data from six populous LMICs currently undergoing nutrition and epidemiological transition characterised by rapid increases in obesity and non-communicable disease.26 Our analyses, provide national estimates of the prevalence of multimorbidity amongst adults according to their BMI status and the association of BMI with prevalence of non communicable disease multimorbidity. Indeed China, Russia, India and Mexico are four of the countries with the highest number of obese individuals in the world, with China and India estimated to contain 15% of the world's obese population.57 Our study is the first to quantify the relationship between excess weight and non-communicable disease multimorbidity in six LMICs. Our study shows that, health care providers should be aware of the likelihood of multiple diseases in overweight and obese patients and measurement of BMI and formal recognition of obesity should be used to identify patients at high risk of multimorbidity by policy makers and programme managers. Weight loss can lead to reductions in the incidence of diabetes and remission of symptoms in obese patients.58 Given that both obesity and diabetes are risk factors for the onset of cardiovascular disease,23 it is possible that weight reduction could also impact on the incidence of other conditions such as stroke or myocardial infarction in these patients. 59 The inclusion of BMI to identify and monitor obesity should thus be a priority for health care, along with weight management intention and behaviour and targeted control of other risk factors such as hypertension and diabetes.23 Such changes in medical practice in LMICs could potentially reduce the onset and burden of multimorbidity and should be effectively prioritise in the background of a growing epidemic of obesity.
Strengths and Limitations-This study uses large, nationally representative data from six populous low-and middle-income countries experiencing rapid economic growth, urbanisation and increasing NCD risk,49-50 and the distribution provides robust crossnational level estimates of our key variables (50) . The SAGE survey data were collected using consistent tools and measures (31), including objective measures of anthropometry and blood pressure, allowing robust cross country comparisons.28 Taking into account the possible bias introduced by disease prevalence derived from self-reported physician diagnosis,60-63 WHO-SAGE incorporated a number of alternate methods of estimating disease -using a mixture of self-reported diagnosis cum validated symptom reporting-based diagnostic algorithms, and objective health measurements criterias.28-31 This makes the findings that obesity is strongly associated with multimorbidity all the more remarkable and of major importance in public health and policy terms in LMICs.
The findings from this study should also be viewed in light of important limitations. First, the use of survey data and self-reported measures of NCDs (for e.g., diabetes and stroke) are a potential source of bias including social desirability bias, the potential for greater underreporting of NCDs in persons from lower socioeconomic backgrounds,64-66 as well as error or over-reporting of conditions. Self-reported chronic disease status is subject to selfdeclaration bias also due to under-reporting of diagnosis or forgetfulness.67-69 Studies found that lower socioeconomic groups had less screening and knowledge of cardiovascular risk factors, whereas those with the knowledge were more likely to make healthy behavioural changes,70 and educational attainment and health literacy can modify the NCDs and risk factors in LMICs.71-72 A recent study using the same data base indicated that socioeconomic gradients in NCD prevalence qualitatively differed within and between countries by type of prevalence measurement, specific NCDs and socioeconomic indicators, and thus NCDs as a category cannot be considered as diseases of affluence or of poverty.73 Some individuals who report having multimorbidity may essentially be reporting a single chronic condition and its symptom, e.g. arthritis and chronic pain.31 This may lead to overestimation of the true prevalence of multimorbidity. 10 We however, used validated diagnostic algorithms to neutralise this bias for all chronic conditions wherever possible in the data set. Another limitation of this study is the absence of an indicator of disease severity as we assessed multimorbidity by counting the number of NCDs without applying any weights to account for severity of conditions.2,31 We have used a count of chronic conditions as a measure of multimorbidity, which implies that each of the diseases has equivalent impact on an individual.16,31 The allocation of an equal weight to all chronic conditions fundamentally assumes that the listed chronic conditions are the same though in reality, the effects of multimorbidity on various domains of health are likely to depend on disease severity, the unique combination of diseases, and access to treatment and support.31 A further step may be to incorporate a severity weight to the chronic conditions as suggested in by various studies using this data base.10,16,31,50 Although SAGE asked about nine common NCDs, the list is not exhaustive and some common NCDs were not included. 72 For e.g., among all other heart conditions/diseases only angina alone was included in the survey but others were not included. We may be missing some higher burden conditions, such as dementia and cancers, which could have resulted in an underestimation of the prevalence and impacts of multimorbidity.73 However, a number of studies have analyzed multimorbidity using a smaller number of diseases, usually less than 10, due to data limitations in LMICs.3,10,50 Nevertheless, the prevalence found in our study is remarkable and actually might be more alluring if all health conditions were captured in a developing country setting. Additionally, the WHO-SAGE questionnaire did not include detailed information on diet composition; these analyses therefore did not control for individual dietary factors. However, we could use the portions of fruit and vegetable consumption which was provided in the dataset, which is the proxy for dietary intake. Ethnicity and religious affiliation were also not included in the study due to the large number of missing values generated for each country. Another major limitation of the data is that we were not been able to take into account the potential side effect of weight gain due to medication use, which might be crucial. Also, many chronic conditions will reduce mobility and ability to exercise, which in turn may lead to increased weight which we could not confirm from the data. Finally, the cross-sectional study design limits causal interpretation of our findings and uncontrolled confounding such as genetic and environmental factors, family history of diseases, physical activity and other lifestyle factors cannot be excluded as an explanation for the association we studied. There is an urgent need to examine the association between overweight/obesity and multimorbidity in depth using prospective cohort study designs in a developing country setting.
Conclusions
With the study samples drawn from six LMICs with different levels of development and healthcare system largely built on a social medical insurance system, we evaluated the prevalence of multimorbidity and provided an in-depth analysis of obesity and its association with non communicable disease multimorbidity and other factors, which are, in general, similar to other developed countries. Obesity was an important independent predictor of the occurrence of multimorbidity in this population. The findings are important for public health and policy makers who wish to monitor the obesity epidemic in LMICs. This is particularly relevant in light of the WHO 25x25 monitoring framework in which the prevalence of obesity is one indicator. Our study provides further evidence for policies and targeted interventions to tackle the growing burden of obesity along with non communicable disease multimorbidity. These findings highlight the importance of recognising the issue of obesity to tackle non communicable disease multimorbidity. Further, strategies to manage obesity may be relevant for prevention and management of multimorbidity in LMICs. 
